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METHODS AND APPARATUS FOR MAKING 
COLOR FILTER BY DISCHARGING A FILTER MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a method and an apparatus for making a 
color filter used in an optical device, such as a liquid crystal display. The present invention 
also relates to a method and an apparatus for making a liquid crystal display having a color 
filter. Furthermore, the present invention relates to a method and an apparatus for making an 
electro-luminescent (EL) device for display using an electro-luminescent layer. 

[0002] Also, the present invention relates to a method for discharging a material, 
and an apparatus for discharging thereof. Further, the present invention relates to electronic 
apparatus with a liquid crystal display device or an electro-luminescent device manufactured 
by the methods. 

2. Description of Related Art 

[0003] Currently, display devices, such as liquid crystal devices and EL devices, are 
increasingly used in the display sections of electronic devices, such as cellular phones and 
portable computers. Also recently, an increasing number of display devices are employing a 
full-color display. Full-color display in the liquid crystal devices is, for example, achieved by 
leading the light modulated by liquid crystal layers to pass through color filters. The color 
filters are formed by, for example, aligning dots of filter elements of red (R), green (G), and 
blue (B) in a predetermined configuration, such as a striped pattern, a deltoid pattern, or a 
mosaic pattern, on the surface of a substrate made of glass, plastic, or the like. 

[0004] In order to achieve full-color display in an EL device, dots of red (R), green 
(G), and blue (B) electro-luminescent layers (EL layers) are aligned in a predetermined 
pattern, such as a striped pattern, a deltoid pattern, or a mosaic pattern, on the surface of a 
substrate made of glass, plastic, or the like. Each of the EL layers is then sandwiched by a 
pair of electrodes so as to form a pixel, and the voltage applied to these electrodes is 
controlled according to the individual pixels so as to make the pixels emit desired colors and 
to achieve full-color display. 

[0005] Conventionally, patterning of the R, G, and B filter elements and patterning 
of the R, G, and B pixels of the electro-luminescent device have been performed by 
photolithography. However, photolithography is a complex and costly process because the 
process consumes a large amount of colored materials, photoresists, and the like. 
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[0006] In order to overcome these problems, the use of an inkjet method in which 
the filter element and electro-luminescent layers aligned in the dot-matrix are formed by 
discharging in a dot-matrix a filter material, an electro-luminescent material, or the like, has 
been suggested. 

[0007] Referring to Figs. 22A and 22B, a plurality of filter elements 303 arranged 
in a dot matrix are formed by means of an inkjet method in the inner regions of a plurality of 
panel regions 302 defined on the surface of a mother substrate 301, i.e., a large-size substrate 
made of glass, plastic, or the like. 

[0008] Here, as shown in Fig. 22C, an inkjet head 306 having a nozzle line 305 
including a plurality of nozzles 304 arranged in a row performs first- scanning a number of 
times (two times in Fig. 22B) relative to one panel region 302 as shown by arrows Al and A2 
in Fig. 22B. Meanwhile, during the first-scanning, ink, that is, a filter material, is selectively 
discharged from the plurality of nozzles 304 so as to form filter elements 303 at the desired 
positions. 

[0009] The filter elements 303 are formed by arranging colors such as R, G, and B, 
in an appropriate pattern, such as a striped pattern, a deltoid pattern, or a mosaic pattern. The 
process of discharging ink using the inkjet head 306 shown in Fig. 22B is performed as 
follows: three of the inkjet heads 306, each of which discharges one of three colors from 
among R, G, and B, are prepared in advance; and these inkjet heads 306 are used sequentially 
to form a pattern of three colors, such as R, G, and B, on one mother substrate 301. 

[0010] As for the inkjet head 306, generally, there is a variation between the 
amounts of ink discharged from the plurality of nozzles 304 constituting the nozzle line 305. 
Accordingly, the inkjet head 306 has an ink-discharge characteristic Q shown in Fig. 23A, for 
example, wherein the discharge amount is largest at the positions corresponding to both ends 
of the nozzle line 305, next largest at the position corresponding to the middle thereof, and 
least at the other positions. 

[0011] Thus, when the filter elements 303 are formed using the inkjet head 306 as 
shown in Fig. 22B, dense lines are formed at positions PI corresponding to the end portions 
of the inkjet head 306 and/or at positions P2 corresponding to the middle of the nozzle line, 
as shown in Fig. 23B, impairing uniformity of the in-plane light transmission characteristics 
of the color filter. 

SUMMARY OF THE INVENTION 
[0012] Accordingly, it is a feature of the present invention to provide a method and 
an apparatus for manufacturing an optical component which can make uniform the planar 
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optical characteristics of the optical component, i.e., the light transmission characteristics of a 
color filter, the color display characteristics of a liquid crystal device, the light-emission 
characteristics of an electro-luminescent surface. 

[0013] In achieving these features, the present invention provides a method for 
making a color filter with a plurality of filter elements aligned on a substrate. The method 
can include a step of moving one of a inkjet head and the substrate in a first-scanning 
direction relative to the other, wherein the inkjet head has a nozzle line including a plurality 
of nozzle groups each including a plurality of nozzles, a step of selectively discharging a 
filter material from the plurality of nozzles to form the plurality of filter elements, and a step 
of moving one of the inkjet head and the substrate in a second-scanning direction relative to 
the other so that at least a part of each nozzle group is capable of scanning the same section 
of the substrate in the first direction. 

[0014] In accordance with the above-described method for making the color filter, 
each of the filter elements in the color filter is not formed by one first-scanning of the inkjet 
head, but instead each of the filter elements is formed into a predetermined thickness by 
being applied with ink n times from the plurality of nozzles belonging to different nozzle 
groups. Accordingly, even when there is a variation between the discharged amounts of ink 
among the plurality of nozzles, variations in the layer thickness among the plurality of filter 
elements can be avoided, and light transmission characteristics of the color filter can thereby 
be made uniform. 

[0015] It is apparent that because the filter elements are formed by discharging ink 
from the inkjet head in the above-described method, complex processes such as those 
employing photolithography techniques are not required and the raw materials are efficiently 
consumed. 

[0016] In the above-described method for making a color filter, one of the inkjet 
head and the substrate is moved relative to the other by a distance corresponding to an 
integral multiple of the length of one of the nozzle groups in the second-scanning direction. 

[0017] In the above-described method for making a color filter, the nozzle line may 
be tilted relative to the second-scanning direction. The nozzle line is formed by arranging the 
plurality of nozzles in a line. When the nozzle line is arranged in a direction parallel to the 
second-scanning direction of the inkjet head, the distance between adjacent filter elements 
formed by the filter element material discharged from the nozzles, i.e., the element pitch, 
becomes equal to the distance between the adjacent nozzles constituting the nozzle line, i.e., 
the nozzle pitch. 
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[0018] If an element pitch equal to the nozzle pitch is desirable, the nozzle line need 
not be tilted, however such a case is rare. In most cases, the element pitch and the nozzle 
pitch are different. When the nozzle line is tilted relative to the second-scanning direction of 
the inkjet head, the distance of the nozzle pitch in the second-scanning direction can be 
adjusted to coincide with the element pitch. Note that although in such a case, the positions 
of the nozzles constituting the nozzle line are shifted in the first-scanning direction, discharge 
timing of the filter element material from each of the nozzles is adjusted to apply ink droplets 
from the nozzles to the desired positions. 

[0019] In the above-described method for making a color filter, the second- 
scanning distance 8 may be set so as to satisfy the equation: 

8 ~ (L/n)cos 0 

wherein L represents the length of the nozzle line, n represents the number of the nozzle 
groups, and 0 represents the angle defined by the nozzle line and the second-scanning 
direction. In this manner, the plurality of the nozzles in the inkjet head can be moved in the 
second-scanning direction according to the nozzle groups. As a result, when the nozzle line 
is divided into four nozzle groups, for example, all the sections of the substrate are scanned 
by four different nozzle groups. 

[0020] In the above-described method for making a color filter, some of the nozzles 
located at each of two end portions of the nozzle line may be set so as not to discharge the 
filter element material. As described above in association with Fig. 23 A, the ink-discharge 
distribution of a typical inkjet head changes at the two end portions of the nozzle line 
compared to other portions. The in-plane layer thickness of the filter element can be made 
uniform if the plurality of nozzles having the same ink-discharge distribution, excluding 
some of the nozzles at the two end portions of the nozzle line having significantly large 
variations, are used in the inkjet head having such ink-discharging distribution characteristics. 

[0021] When the process is performed without using some of the nozzles located at 
the two end portions of the nozzle line as described above, the second-scanning distance 8 
can be set so as to satisfy the equation: 

8~(L/n)cos0 

wherein L represents the length of the nozzle line excluding the two end portions of the 
nozzle line at which the nozzles not discharging the filter material are located, n represents 
the number of nozzle groups, and B represents the angle defined by the nozzle line and the 
second-scanning direction. 



[0022] Next, the color filter made by the method described above can be formed by 
arranging the filter elements in different colors, such as R (red), G (green), and B (blue), or C 
(cyan), Y (yellow), and M (magenta), in a predetermined planar pattern. In making such a 
color filter, a plurality of the inkjet heads, each discharging a filter material of one color 
selected from among these colors from the nozzle line, may be separately prepared, and the 
first-scanning step and the second-scanning step are sequentially repeated relative to the 
same substrate for each of the plurality of inkjet heads, separately. 

[0023] In making the above-described color filter having the filter elements of 
different colors such as R, G, and B, or C, Y, and M, the inkjet head may be provided with a 
plurality of nozzle lines each discharging a filter material of a different color, and the first- 
scanning step and the second-scanning step may be performed using the inkjet head so as to 
simultaneously apply the filter elements of different colors onto the substrate. 

[0024] The present invention also provides an apparatus for making a color filter 
with a plurality of filter elements aligned on a substrate. The apparatus has an inkjet head 
having a nozzle line comprising a plurality of nozzle groups, each including a plurality of 
nozzles, an ink supplying element for supplying a filter material to the inkjet head, a first- 
scan driving element for moving the inkjet head in a first-scanning direction relative to the 
other, a second-scan driving element for moving one of the inkjet head and the substrate in a 
second-scanning direction relative to the other, and a nozzle discharge controlling element for 
controlling the discharge of the filter material from the plurality of the nozzles. The inkjet 
head can further include a first-scan controlling element for controlling the operation of the 
first-scan driving element, and a second-scan controlling element for controlling the 
operation of the second-scan driving element, wherein one of the inkjet head and the 
substrate is moved in a second-scanning direction relative to the other so that at least a part of 
each nozzle group is capable of scanning the same section of the substrate in the first 
direction. 

[0025] The present invention further provides a method for making a liquid crystal 
device. The liquid crystal device has a pair of substrates for enclosing liquid crystal, and a 
plurality of filter elements aligned on at least one of the substrates. And the method can 
include a step of moving one of a inkjet head and the substrate in a first-scanning direction 
relative to the other, wherein the inkjet head has a nozzle line comprising a plurality of nozzle 
groups each including a plurality of nozzles, a step of selectively discharging a filter material 
from the plurality of nozzles to form the plurality of filter elements, and a step of moving one 
of the inkjet head and the substrate in a second-scanning direction relative to the other so that 
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at least a part of each nozzle group is capable of scanning the same section of the substrate in 
the first direction. 

[0026] The present invention also provides an apparatus for making a liquid crystal 
device. The liquid crystal device can include a pair of substrates for enclosing liquid crystal, 
and a plurality of filter elements aligned on at least one of the substrates. And the apparatus 
can include an inkjet head having a nozzle line comprising a plurality of nozzle groups, each 
including a plurality of nozzles, an ink supplying element for supplying a filter material to the 
inkjet head, a first-scan driving element for moving the inkjet head in a first-scanning 
direction relative to the other, a second-scan driving element for moving one of the inkjet 
head and the substrate in a second-scanning direction relative to the other, and a nozzle 
discharge controlling element for controlling the discharge of the filter material from the 
plurality of the nozzles. The inkjet head can further include a first-scan controlling element 
for controlling the operation of the first-scan driving element, and a second-scan controlling 
element for controlling the operation of the second-scan driving element, wherein one of the 
inkjet head and the substrate is moved in a second-scanning direction relative to the other so 
that at least a part of each nozzle group is capable of scanning the same section of the 
substrate in the first direction. 

[0027] The present invention also provides a method for making an electro- 
luminescent device. The device can include a plurality of pixels, each including an electro- 
luminescent layer, aligned on a substrate. And the method has a step of moving one of a 
inkjet head and the substrate in a first-scanning direction relative to the other, wherein the 
inkjet head has a nozzle line comprising a plurality of nozzle groups each including a 
plurality of nozzles, a step of selectively discharging an electro-luminescent material from the 
plurality of nozzles to form the plurality of filter elements, and a step of moving one of the 
inkjet head and the substrate in a second-scanning direction relative to the other so that at 
least a part of each nozzle group is capable of scanning the same section of the substrate in 
the first direction. 

[0028] The present invention provides an apparatus for making an electro- 
luminescent device. The device can include a plurality of pixels, each including an electro- 
luminescent layer, aligned on a substrate. And the apparatus has an inkjet head having a 
nozzle line including a plurality of nozzle groups, each including a plurality of nozzles, an 
ink supplying element for supplying a electro-luminescent material to the inkjet head, a first- 
scan driving element for moving the inkjet head in a first-scanning direction relative to the 
other, a second-scan driving element for moving one of the inkjet head and the substrate in a 



second-scanning direction relative to the other, and a nozzle discharge controlling element for 
controlling the discharge of the filter material from the plurality of the nozzles. The inkjet 
head further including a first-scan controlling element for controlling the operation of the 
first-scan driving element, and a second-scan controlling element for controlling the 
operation of the second-scan driving element, wherein one of the inkjet head and the 
substrate is moved in a second-scanning direction relative to the other so that at least a part of 
each nozzle group is capable of scanning the same section of the substrate in the first 
direction. 

[0029] The present invention further provides a control unit for controlling an inkjet 
head which is used in making an optical component that includes a plurality of color patterns 
aligned on a substrate. The control unit can include an inkjet head having a nozzle line 
having a plurality of nozzle groups, each including a plurality of nozzles, an ink supplying 
element for supplying a electro-luminescent material to the inkjet head, a first-scan driving 
element for moving the inkjet head in a first-scanning direction relative to the other, a 
second-scan driving element for moving one of the inkjet head and the substrate in a second- 
scanning direction relative to the other, and a nozzle discharge controlling element for 
controlling the discharge of the filter material from the plurality of the nozzles. The inkjet 
head can further include a first-scan controlling element for controlling the operation of the 
first-scan driving element, and a second-scan controlling element for controlling the 
operation of the second-scan driving element, wherein one of the inkjet head and the 
substrate is moved in a second-scanning direction relative to the other so that at least a part of 
each nozzle group is capable of scanning the same section of the substrate in the first 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The invention will be described with reference to the accompanying 
drawings, in which like elements are referred to with like numbers, and in which: 

Fig. 1 is a plan view illustrating main steps of a method for making a color filter 
according to an embodiment of the present invention; 

Fig. 2 is a plan view illustrating main steps of a method for making a color filter 
according to another embodiment of the present invention; 

Fig. 3 is a plan view illustrating main steps of a method for making a color filter 
according to yet another embodiment of the present invention; 

Fig. 4 is a plan view illustrating main steps of a method for making a color filter 
according to still another embodiment of the present invention; 
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Fig. 5A is a plan view showing a color filter according to one embodiment of the 
present invention and Fig. 5B is a plan view showing a mother substrate thereof; 

Figs. 6A to 6D are cross-sectional views taken along line VI-VI in Fig. 5A for 
illustrating steps for making a color filter; 

Figs. 7 A to 7C illustrate examples of patterns of R, G, and B pixels in the color filter; 

Fig. 8 is a perspective view of an embodiment of an inkjet apparatus which is the 
main unit of each of the apparatuses for making a color filter, a liquid crystal device, and an 
electro-luminescent device according to the present invention; 

Fig. 9 is an enlarged perspective view of the main section of the apparatus shown in 

Fig. 8; 

Fig. 10 is an enlarged perspective view of an inkjet head which is the main unit of the 
apparatus shown in Fig. 9; 

Fig. 1 1 is a perspective view showing a modification of the inkjet head; 

Fig. 12A is a partly sectioned perspective view showing the inner structure of the 
inkjet head and Fig. 12B is a cross-sectional view taken along line J- J in Fig. 12 A; 

Fig. 13 is a plan view showing another modification of the inkjet head; 

Fig. 14 is a block diagram showing an electric control system used in an inkjet head 

unit; 

Fig. 15 is a flowchart of a control executed by the control system shown in Fig. 14; 

Fig. 16 is a perspective view showing yet another modification of the inkjet head; 

Fig. 17 is a diagram showing a method for making a liquid crystal device according to 
one embodiment of the present invention; 

Fig. 18 is an exploded view showing an example of a liquid crystal device made by 
the method for making a liquid crystal device according to the present invention; 

Fig. 19 is a cross-sectional view showing the structure of the liquid crystal device 
taken along line IX-IX in Fig. 18; 

Fig. 20 is a diagram showing a method for making an electro-luminescent device 
according to one embodiment of the present invention; 

Figs. 21 A to 2 ID are cross-sectional views of the electro-luminescent device 
corresponding to the diagram shown in Fig. 20; 

Figs 22 A to 22C show an example of a conventional method for making a color filter; 

and 

Figs. 23 A and 23B are diagrams for explaining the characteristics of a conventional 
color filter. 



9 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0031] An embodiment of a manufacturing method and a manufacturing apparatus 
for a color filter will now be described. First, before describing this method and apparatus, a 
color filter manufactured by this method and apparatus is explained. Fig. 5 A is a plan view 
of the structure of a color filter according to one embodiment. Fig. 6D shows a cross-section 
of the structure cut along line VI-VI in Fig. 5 A. 

[0032] A color filter 1 of this embodiment can be made by forming a plurality of 
filter elements 3 on the surface of a rectangular substrate 2 composed of glass, plastic, or the 
like, the plurality of filter elements 3 being arranged in a dot-pattern, i.e., dot-matrix pattern 
in this embodiment, and depositing an overcoat 4 thereon as shown in Fig. 6D. Note that 
Fig. 5 A is a plan view of the color filter 1 without the overcoat 4. 

[0033] Each of the filter elements 3 can be formed by filling one of the rectangular 
regions which are aligned in a dot-matrix pattern and are separated from one another by a 
grid-shaped barrier 6 made of a resin material having no translucency, with a colored 
material. Each of the filter elements 3 is formed of one colored material selected from red 
(R), green (G), and blue (B), and the filter elements 3 of these colors are arranged in a 
predetermined pattern. Examples of this pattern known in the art are a striped pattern shown 
in Fig. 7A, a mosaic pattern shown in Fig. 7B, and a deltoid pattern shown in Fig. 7C. 

[0034] In the striped pattern, each of the vertical columns of the matrix is of one 
color. In the mosaic pattern, any three filter elements aligned vertically or horizontally are of 
the three colors, namely, R, G, and B. In the delta pattern, each alternate row is shifted and 
any three adjacent filter elements are of the three colors, namely, R, G, and B. 

[0035] The size of the color filter 1 is, for example, 1 .8 inches. The dimensions of 
each of the filter elements 3 are, for example, 30 jam x 100 jam. The space between each of 
the filter elements 3, i.e., the element pitch, is, for example, 75 jam. 

[0036] When the color filter 1 of this embodiment is employed as an optical 
element for fiill color display, three filter elements 3 in R, G, and B as one unit constitute one 
pixel, and light is selectively passed through one of or a combination of R, G, and B 
contained in one pixel to achieve the full color display. Meanwhile, the barrier 6 composed 
of a resin material having no translucency acts as a black matrix. 

[0037] The above-described color filter 1 is cut out from, for example, a large-size 
mother substrate 12 shown in Fig. 5B. More specifically, a pattern corresponding to one 
color filter 1 is formed on the surface of each of the color filter forming regions 1 1 defined in 
the mother substrate 12, grooves for cutting are formed around the color filter forming 
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regions 11, and the mother substrate 12 is cut along these grooves to form the individual 
color filters 1. 

[0038] The method and apparatus for manufacturing the color filter 1 shown in 
Fig. 5A will be described below. 

[0039] Figs. 6A to 6D illustrate the method for manufacturing the color filter 1 by 
steps. First, the barrier 6 having a grid-shaped pattern when viewed from the direction of 
arrow B is formed on the surface of the mother substrate 12 using a resin material having no 
translucency. Openings 7 of the grid-shaped pattern are the regions in which the filter 
elements 3 are formed, i.e., the filter element regions. The planar dimensions of each of the 
filter element regions 7 formed by this barrier 6 as viewed from the direction of arrow B are, 
for example, approximately 30 \xm x 100 jam. 

[0040] The barrier 6 has both functions of preventing the flow of a filter element 
material supplied in the filter element regions 7 and of acting as a black matrix. The barrier 6 
is formed by a desired patterning technique, such as photolithography, and may be heat- 
treated using a heater if necessary. 

[0041] After forming the barrier 6, droplets 8 of a filter element material 13 are 
supplied to each of the filter element regions 7 in order to fill each of the filter element 
regions 7 with a filter element material 13, as shown in Fig. 6B. In Fig. 6B, reference 
numeral 13R denotes a red (R) filter element material, reference numeral 13G denotes green 
(G) a filter element material, and reference numeral 13B denotes a blue (B) filter element 
material. 

[0042] After a predetermined amount of the filter element material 13 is placed in 
each of the filter element regions 7, the mother substrate 12 is heated using a heater to, for 
example, approximately 70°C, in order to evaporate the solvent contained in the filter 
element material 13. Because of this evaporation, the filter element material 13 decreases in 
volume and is planarized, as shown in Fig. 6C. If the decrease in the volume is excessively 
large, the supplying of the filter element material droplets and heating of the supplied 
droplets are repeated until a layer thickness sufficient for the color filter 1 is obtained. 
Through the above-described process, only the solid content of the filter element material 13 
remains and forms layers, thereby yielding the filter elements 3 in the desired colors. 

[0043] After the filter elements 3 are formed as above, heat treatment at a 
predetermined temperature for a predetermined time is performed to completely dry the filter 
elements 3. Subsequently, the overcoat 4 is formed using a suitable method such as a spin 
coating method, a roll coating method, a ripping method, or an inkjet method, for example. 
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The overcoat 4 is formed to protect the filter elements 3, etc., and to planarize the surface of 
the color filter 1 . 

[0044] Fig. 8 shows an embodiment of an inkjet apparatus 16 for supplying the 
filter element material 13 shown in Fig. 6B. The inkjet apparatus 16 discharges ink droplets 
of the filter element material 13 of one color selected from among R, G, and B, for example, 
R, and deposits the droplets on predetermined positions in each of the color filter forming 
regions 1 1 in the mother substrate 12 (refer to Fig. 5B). Although inkjet apparatuses for a 
green filter element material 13g and for a blue color filter element material 13B are prepared 
separately, the structures thereof are similar to that shown in Fig. 8 and the description 
thereof is omitted. 

[0045] In Fig. 8, the inkjet apparatus 16 can include a head unit 26 having an inkjet 
head 22, a head position controller 17 for controlling the position of the inkjet head 22, a 
substrate position controller 18 for controlling the position of the mother substrate 12, a first- 
scan driving unit 19 for moving the inkjet head 22 in the first- scanning direction relative to 
the mother substrate 12, a sub-scan driving unit 21 for moving the inkjet head 22 in the 
second-scanning direction relative to the mother substrate 12, a substrate placing unit 23 for 
placing the mother substrate 12 to a predetermined work position in the inkjet apparatus 16, 
and a control unit 24 for controlling the overall operation of the inkjet apparatus 16. 

[0046] The head position controller 17, the substrate position controller 18, the 
first-scan driving unit 19 for moving the inkjet head 22 in the first-scanning direction relative 
to the mother substrate 12, and the sub-scan driving unit 21 are disposed on a base 9. These 
are covered by a cover 14, if necessary. 

[0047] The inkjet head 22 has, as shown in Fig. 1 0, for example, a nozzle line 28 
formed by aligning a plurality of nozzles 27. The number of the nozzles 27 is, for example, 
180, and the size of the opening of each nozzle 27 is, for example, 28 ^im. The nozzle pitch 
between the nozzles 27 is, for example, 141 |im. In Fig. 10, the first-scanning direction X 
and the second-scanning direction Y orthogonal to the first-scanning direction X relative to 
the color filter 1 and the mother substrate 12 shown in Figs. 5 A and 5B are set as indicated in 
the drawing. 

[0048] The inkjet head 22 is so positioned that the nozzle line 28 extends in the 
orthogonal direction to the first-scanning direction X and selectively discharges ink, i.e., a 
filter element material, from the plurality of nozzles 27 while moving in the first-scanning 
direction X in a parallel manner in order to apply the filter element material to predetermined 
positions in the mother substrate 12 (refer to Fig. 5B). Also, since the inkjet head 22 can be 
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moved in the second-scanning direction Y by a predetermined distance in a parallel manner, 
the first-scanning position of the inkjet head 22 can be shifted by such a distance. 

[0049] The inkjet head 22 has, for example, an internal structure as shown in 
Figs. 12A and 12B. More particularly, the inkjet head 22 has a nozzle plate 29 made of 
stainless steel, an opposing vibrating plate 31, and a plurality of partition members 32 for 
joining them. Between the nozzle plate 29 and the vibrating plate 3 1 , a plurality of ink 
chambers 33 and a liquid pool 34 are formed by the plurality of partition members 32. 

[0050] Each of the plurality of ink chambers 33 and the liquid pool 34 are 
connected to each other through a channel 38. 

[0051] An ink supplying hole 36 is formed at an appropriate position in the 
vibrating plate 31, and an ink supplying unit 37 is connected to the ink supplying hole 36. 
The ink supplying unit 3 7 supplies a filter element material M of one color selected from 
among R, G, and B, for example, R, to the ink supplying hole 36. The supplied filter element 
material M fills the liquid pool 34, flows into the channel 38, and fills the ink chamber 33. 

[0052] The nozzle plate 29 has the nozzles 27 for jet-discharging the filter element 
material M from the ink chambers 33. Moreover, ink pressurizing members 39 associated 
with the ink chambers 33 are installed on the rear surface of the vibrating plate 31 which is 
opposite to the surface on which the ink chambers 33 are formed. Each of the ink 
pressurizing members 39 has, as shown in Fig. 12B, a piezoelectric element 41 and a pair of 
electrodes 42a and 42b sandwiching the piezoelectric element 41. The piezoelectric element 
41 flexibly deforms and protrudes outward in the direction shown by arrow C when 
electricity is supplied to the electrodes 42a and 42b, thereby increasing the volume of the ink 
chamber 33. The filter element material M at an amount equivalent to this increase then 
flows into the ink chamber 33 from the liquid pool 34 via the channel 38. 

[0053] When the electricity supply to the piezoelectric element 41 is ceased, both 
the piezoelectric element 41 and the vibrating plate 31 return to their original shapes. Since 
the volume of the ink chamber 33 also returns to its original volume, the pressure applied to 
the filter element material M contained in the ink chamber 33 is increased, and the droplets 8 
of the filter element material M are thereby discharged from the nozzle 27 toward the mother 
substrate 12 (refer to Fig. 5B). An ink-repellent layer 43 which is, for example, an Ni- 
tetrafluoroethylene deposited layer, is provided at the peripheral region of each nozzle 27 in 
order to prevent the flying droplets 8 from deviating and the nozzles 27 from clogging. 

[0054] In Fig. 9, the head position controller 1 7 has an a motor 44 for rotating the 
inkjet head 22 in an in-plane direction, a p motor 46 for rotating the inkjet head 22 about an 
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axis parallel to the second- scanning direction Y, a y motor 47 for rotating the inkjet head 22 
about an axis parallel to the first-scanning direction X, and a Z motor 48 for moving the 
inkjet head 22 upward and downward in a parallel manner. 

[0055] The substrate position controller 18 shown in Fig. 8 has, as shown in Fig. 9, 
a table 49 for receiving the mother substrate 12 and a 0 motor 51 for rotating the table 49 in 
an in-plane direction as indicated by arrow 6. The first-scan driving unit 19 shown in Fig. 8 
has, as shown in Fig. 9, guide rails 52 extending in the first-scanning direction X and a slider 
53 having a pulse-driven internal linear motor. The slider 53 moves in the first-scanning 
direction Y along the guide rails 52 in a parallel manner when the internal linear motor is 
operated. 

[0056] The sub-scan driving unit 21 shown in Fig. 8 has, as shown in Fig. 9, guide 
rails 54 extending in the second-scanning direction Y and a slider 56 having a pulse-driven 
internal linear motor. The slider 56 moves in the second-scanning direction Y along the 
guide rails 54 in a parallel manner when the internal linear motor is operated. 

[0057] The pulse-driven linear motor provided in the slider 53 or the slider 56 is 
capable of precisely controlling the rotation angle of the output axis using pulse signals fed to 
the motor; accordingly, the position of the inkjet head 22, which is supported by the slider 53, 
relative to the first-scanning direction X, and the position of the table 49 relative to the 
second-scanning direction Y, or the like can be controlled with high precision. 

[0058] It is to be understood that the position control of the inkjet head 22 or the 
table 49 is not limited to the position control employing a pulse motor but can be achieved by 
any desired controlling method, such as a feed-back control using a servo motor, without 
departing from the spirit and scope of the present invention. 

[0059] The substrate placing unit 23 shown in Fig. 8 has a substrate accommodating 
section 57 for accommodating the mother substrate 12 and a robot 58 for transporting the 
mother substrate 12. The robot 58 has a base block 59 to be placed on an installation surface 
such as a floor or the ground, an elevating shaft 61 which moves upward and downward 
relative to the base block 59, a first arm 62 which rotates about the elevating shaft 61, a 
second arm 63 which rotates in relation to the first arm 62, and a suction pad 64 provided at 
the bottom face of the tip of the second arm 63. The suction pad 64 is capable of holding the 
mother substrate 12 by air suction, or the like. 

[0060] In Fig. 8, a capping unit 76 and a cleaning unit 77 are arranged at one side of 
the sub-scan driving unit 21 and on the path of the inkjet head 22 driven by the first-scan 
driving unit 19 to perform first-scanning. An electrobalance 78 is arranged at the other side 
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thereof. The cleaning unit 77 cleans the inkjet head 22. The electrobalance 78 measures the 
weight of the ink droplet discharged from each of the nozzles 27 (refer to Fig. 10) in the 
inkjet head 22 according to the individual nozzles. The capping unit 76 prevents the nozzles 
27 (refer to Fig. 10) from drying out when the inkjet head 22 is in a stand-by state. 

[0061] A head camera 81 which moves together with the inkjet head 22 is disposed 
in the vicinity of the inkjet head 22. A substrate camera 82 supported by a supporting unit 
(not shown) formed on a base 9 is disposed at a position from which the mother substrate 12 
can be photographed. 

[0062] As further shown in Fig. 8, the control unit 24 has a main computer unit 66 
accommodating a processor, a key board 67 which is an input device, and a CRT (Cathode 
Ray Tube) display 68 which is a display device. The processor has, as shown in Fig. 14, a 
CPU (Central Processing Unit) 69 for arithmetic processing and a memory for storing various 
types of information, i.e., an information storing medium 71. 

[0063] The head position controller 17, the substrate position controller 18, the 
first-scan driving unit 19, and the sub-scan driving unit 21 shown in Fig. 8, and a head 
driving circuit 72 for driving the piezoelectric element 41 (refer to Fig. 12B) inside the inkjet 
head 22 are each connected to the CPU 69 via an input-output interface 73 and a bus 74, as 
shown in Fig. 14. The substrate placing unit 23, the input device 67, the display 68, the 
electrobalance 78, the cleaning unit 77, and the capping unit 76 are also each connected to the 
CPU 69 via the input-output interface 73 and the bus 74. 

[0064] The concept of a memory 71 includes a semiconductor memory such as a 
RAM (Random Access Memory) and a ROM (Read Only Memory) and an external memory 
such as a hard disk, a CD-ROM reader, and a disk-type storing medium. In terms of its 
function, various types of memory areas such as a memory area for storing a program 
software in which a procedure for controlling the inkjet apparatus 16 is written, a memory 
area for storing coordinate data of the positions in the mother substrate 12 (refer to Fig. 5) at 
which one color selected from among R, G, and B is discharged to achieve an RGB pattern as 
shown in Fig. 7, a memory area for storing the second-scanning distance of the mother 
substrate 12 in the second-scanning direction Y in Fig. 9, an area which functions as a work 
area for the CPU 69, a temporary file, etc., and the like are set therein. 

[0065] The CPU 69 controls the operation of discharging the ink, i.e., the filter 
element material, at predetermined positions on the surface of the mother substrate 12 
according to the program software stored in the memory 71, and has a cleaning arithmetic 
unit for executing a cleaning process, a capping arithmetic unit for executing a capping 
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process, and a weight-measuring arithmetic unit for executing weight-measuring using the 
electrobalance 78 (refer to Fig. 8), and a plotting arithmetic unit for executing the plotting of 
the filter element material by the inkjet method. 

[0066] To describe the plotting arithmetic unit in detail, there are various kinds of 
operation arithmetic units such as a plotting- start-position arithmetic unit for setting the inkjet 
head 22 to a starting position for plotting, a main-scan control arithmetic unit for moving the 
inkjet head 22 in the first-scanning direction X at a predetermined rate for scanning, a sub- 
scan control arithmetic unit for executing a control for shifting the mother substrate 12 in the 
second-scanning direction Y by a predetermined second-scanning distance, and a nozzle- 
discharge control arithmetic unit for controlling discharge of the ink, that is, the filter element 
material, by controlling which of the plurality of nozzles 27 in the inkjet head 22 is operated. 

[0067] It should be noted that in this embodiment, the above-described functions 
are achieved by a software program using the CPU 69; however, the above-described 
functions can be achieved by a single electronic circuit without using a CPU, such an 
electronic circuit can be employed instead. 

[0068] Now, the operation of the inkjet apparatus 16 having the above configuration 
will be described in greater detail with reference to the flowchart shown in Fig. 15. 

[0069] After an operator turns on the inkjet apparatus 16, an initial setting is 
executed in Step SI. In particular, the head unit 26, the substrate placing unit 23, the control 
unit 24, etc., are set to an initial state determined in advance. 

[0070] When a weight measuring timing arrives (Y in Step S2), the head unit 26 
shown in Fig. 9 is moved by the first-scan driving unit 19 up to the position of the 
electrobalance 78 shown in Fig. 8 (Step S3), and the weight of the ink discharged from the 
nozzles 27 is measured using the electrobalance 78 (Step S4). The voltage applied to the 
piezoelectric elements 41 associated with the nozzles 27 is then optimized according to the 
ink discharge characteristics of the nozzles 27 (Step S5). 

[0071] Next, if a cleaning timing arrives (Y in Step S6), the head unit 26 is moved 
by the first-scan driving unit 19 up to the position of the cleaning unit 77 (Step S7), and the 
cleaning unit 77 cleans the inkjet head 22 (Step S8). 

[0072] If the weight measuring timing or the cleaning timing does not arrive (N in 
Steps S2 and S6) or if these processes are completed, the substrate placing unit 23 shown in 
Fig. 8 is operated to place the mother substrate 12 on the table 49 in Step S9. In particular, 
the suction pad 64 sucks and holds the mother substrate 12 placed inside the substrate 
accommodating unit 57, transfers the mother substrate 12 to the table 49 by moving the 
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elevating shaft 61, the first arm 62, and the second arm 63, and pushes the mother substrate 
12 against positioning pins 50 (Fig. 9) prearranged at suitable positions on the table 49 to 
prevent displacement of the mother substrate 12. Note that in order to prevent displacement 
of the mother substrate 12 on the table 49, it is preferable that the mother substrate 12 be 
fixed to the table 49 by means of air suction or the like. 

[0073] Next, while observing the mother substrate 12 by the substrate camera 82 
shown in Fig. 8, the output axis of the 0 motor 51 shown in Fig. 9 is rotated in a micro angle 
mode so as to rotate the table 49 in an in-plane direction in the micro angle mode and to 
determine the position of the mother substrate 12 (Step S10). Next, while observing the 
mother substrate 12 by the head camera 81 shown in Fig. 8, the starting position at which the 
inkjet head 22 starts to plot patterns is determined by calculation (Step SI 1), and the first- 
scan driving unit 19 and the sub-scan driving unit 21 are properly operated to move the inkjet 
head 22 to the plotting starting position (Step S 12). 

[0074] At this time, the inkjet head 22 is arranged in a tilted position such that the 
nozzle line 28 forms an angle 8 relative to the second-scanning direction Y of the inkjet head 
22, as shown by position (a) in Fig. 1 . This is because in a typical inkjet apparatus, a nozzle 
pitch, which is a space between adjacent nozzles 27, does not coincide with an element pitch, 
which is a space between the adjacent filter elements 3, i.e., the filter element forming 
regions 7, and steps are required to make the dimension of the nozzle pitch in the second- 
scanning direction Y geometrically equal to the element pitch when the inkjet head 22 is 
moved in the first-scanning direction X. 

[0075] When the inkjet head 22 is placed on the plotting starting position in Step 

512 in Fig. 15, the inkjet head 22 is placed in the position (a) in Fig. 1. Subsequently, in Step 

51 3 in Fig. 15, the main scan in the first-scanning direction X is started and, at the same time, 
ink is started to be discharged. In particular, the inkjet head 22 operated by the first-scan 
driving unit 19, shown in Fig. 9, starts linear scanning motion at a predetermined rate in the 
first- scanning direction X shown in Fig. 1, and during this motion, ink, i.e., the filter element 
material, is discharged from the nozzles 27 when the nozzles 27 reach the corresponding 
filter element regions 7 to which ink is supplied. 

[0076] It is to be noted that the amount of ink discharged at this time is a fraction of 
the whole amount, one fourth of the whole amount in this embodiment, and not an amount 
which fills the entire volume of the filter element region 7. As will be described in later 
sections, each of the filter element regions 7 is not filled just by discharging ink once, but by 
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repeating the discharge of the ink for a number of times. In this embodiment, discharge is 
performed four times before filling the entire volume. 

[0077] When first-scanning of one line is completed relative to the mother 
substrate 12 (Y in Step S14), the inkjet head 22 returns to the initial position (a) (Step S15). 
Furthermore, the inkjet head 22 is driven by the sub-scan driving unit 21 to move in the 
second-scanning direction Y by a predetermined second-scanning distance 8 (Step SI 6). 

[0078] In this embodiment, the CPU 69 conceptually divides the plurality of 
nozzles 27 constituting the nozzle line 28 of the inkjet head 22 into a plurality of groups n. In 
this embodiment, n = 4, that is, the nozzle line 28 of a length L composed of 180 nozzles 27 
is divided into four groups. In this manner, one nozzle group contains 1 80/4 = 45 of the 
nozzles 27 and has a length of L/n, i.e., L/4. The above-described second-scanning distance 
5 is set to the length in the second-scanning direction of the nozzle group having a length of 
L/4, i.e., (L/4)cos 0. 

[0079] Accordingly, the inkjet head returned to the initial position (a) after 
completion of the main scan of one line moves a distance 5 in the second-scanning direction 
Y in Fig. 1 in a parallel manner to be at position (b). Note that although the position (b) is 
shifted in the first-scanning direction X relative to the position (a) in Fig. 1, this is done to 
facilitate explanation and the actual position (b) relative to the first-scanning direction X is 
the same as the position (a). 

[0080] After completing the second-scanning motion to the position (b), the inkjet 
head repeats the first-scanning motion and discharging of ink in Step S13. During this first- 
scanning motion, ink discharged from the first front nozzle group lands on the second line in 
the color filter forming region 1 1 on the mother substrate 12 for the first time, and ink 
discharged from the second front nozzle group lands on the first line for the second time. 

[0081] Subsequently, the inkjet head 22 repeats the second-scanning motion to 
positions (c) to (k) and repeats the first-scanning motion and discharging of the ink (Steps 
S13 to SI 6) until an ink-application process for one column of the color filter forming 
regions 1 1 of the mother substrate 12 is completed. In this embodiment, because the second- 
scanning distance 6 is determined by dividing the nozzle line 28 into four groups, each of the 
filter element regions 7 is subjected to the ink discharging process four times, i.e., once for 
each of the four nozzle groups, which are therefore filled with a predetermined amount of 
ink, i.e., the filter element material, when the first-scanning and second-scanning for one 
column of the color filter forming regions 1 1 are completed. 
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[0082] When discharging of the ink for one column of the color filter forming 
regions 1 1 is completed, the inkjet head 22 driven by the sub-scan driving unit 21 is 
transferred to the starting position of the next column of the color filter forming regions 1 1 
(Step SI 9), and forms the filter elements in the filter element forming regions 7 by repeating 
the first-scanning, second-scanning, and discharging of ink relative to this column of the 
color filter forming regions 1 1 (Steps SB to SI 6). 

[0083] After the filter elements 3 of one color selected from among R, G, and B, for 
example, R, are formed in all of the color filter forming regions 1 1 in the mother substrate 12 
(Y in Step SI 8), the treated mother substrate 12 is discharged by the substrate placing unit 23 
or another transport mechanism in Step S20. 

[0084] Subsequently, unless the operator commands termination of the process (N 
in Step S21), the ink discharging operation concerning R is repeated relative to another 
mother substrate 12, going back to Step S2. 

[0085] When the operator commands the termination of the process (Y in Step 
S21), the CPU 69 transfers the inkjet head 22 to the position of the capping unit 76 in Fig. 8, 
and the inkjet head 22 is capped using the capping unit 76 (Step S22). 

[0086] Patterning of a first color selected from among R, G, and B constituting the 
color filter, for example, R, is completed as above. Subsequently, the mother substrate 12 is 
transported to another inkjet apparatus 16 for applying the filter element material of a second 
color from among R, G, and B, for example, G, to perform the patterning of G, and finally to 
yet another inkjet apparatus 16 for applying the filter element material of a third color from 
among R, G, and B, for example, B, to perform the patterning of B. Thus, the mother 
substrate 12 including the plurality of color filters 1 (Fig. 5 A) each having a desired dot- 
pattern of R, G, and B such as the striped pattern, is manufactured. The mother substrate 12 
is cut according to the color filter regions 1 1 to yield individual color filters 1. 

[0087] It is to be noted that when the color filter 1 is used for the color display in a 
liquid crystal device, electrodes, alignment layers, and the like are deposited on the surface of 
the color filter 1 . In such a case, when individual color filters 1 are cut out from the mother 
substrate 12 prior to the deposition of the electrodes and the alignment of layers, the 
subsequent processes such as forming of electrodes and the like become cumbersome. Thus, 
in this case, instead of cutting the mother substrate 12 immediately after the completion of the 
color filters 1 on the substrate 12, the mother substrate 12 is preferably cut out after necessary 
additional processes such as the forming of electrodes and the alignment of layers are 
completed. 
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[0088] As described above, in accordance with the method and apparatus for 
manufacturing the color filter of this embodiment, each of the filter elements 3 in the color 
filter 1 shown in Fig. 5 A is not formed by one first-scanning of the inkjet head 22 (refer to 
Fig. 1), but instead each of the filter elements 3 is formed into a predetermined thickness by 
being applied with ink n times, four times in this embodiment, from the plurality of nozzles 
27 belonging to different nozzle groups. Accordingly, even when there is a variation between 
the discharged amount of ink among the plurality of nozzles 27, variations in the layer 
thickness among the plurality of filter elements 3 can be avoided, and light transmission 
characteristics of the color filter can thereby be made uniform. 

[0089] It should be apparent that because the filter elements 3 are formed by 
discharging ink from the inkjet head 22 in the manufacturing method of this embodiment, 
complex processes such as those employing photolithography techniques are not required and 
the raw materials are efficiently consumed. 

[0090] As described above in association with Fig. 23 A, the plurality of nozzles 27 
constituting the nozzle line 28 of the inkjet head 22 have an uneven distribution in the amount 
of ink discharged. As described above, some of the nozzles 27 located at the two end 
portions of the nozzle line 28, for example, 10 at each of the two end portions, discharges ink 
in a larger amount. From the point of view of achieving uniformity in the layer thickness of 
the discharged ink layers, i.e., the filter elements, it is not preferable to use nozzles 
discharging a larger amount of ink compared to other nozzles. 

[0091] Thus, as shown in Fig. 13, preferably, some of the nozzles 27, for example, 
approximately 10, located in each of the two end portions E of the nozzle line 28 among all 
the nozzles 27 constituting the nozzle line 28 are set in advance so as not to discharge the ink, 
and the nozzles 27 located in the remaining portion F are divided into a plurality of groups, 
for example, four groups. The second- scanning motion is performed according to this nozzle 
group. 

[0092] In this first embodiment, although a resin material having no translucency is 
used as the barrier 6, a resin material having translucency may also be used as the barrier 6. 
In such a case, a light-shielding metal layer or resin material may be disposed at the position 
corresponding to the space between the filter elements, such as on the barrier 6 or under the 
barrier 6, so as to form a black mask. Another configuration is forming the barrier 6 from 
translucent resin material and not installing a black mask. 

[0093] Furthermore, in the first embodiment, although R, G, and B are used as the 
filter elements, cyan (C), magenta (M), and yellow (Y) may be used instead of R, G, and B. 
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In such a case, filter element materials of C, M, and Y are used in place of the filter element 
materials of R, G, and B. 

[0094] Moreover, in the first embodiment, although the barrier 6 is formed by 
photolithography, it is possible to form the barrier 6 by the inkjet method as with forming the 
color filter. 

[0095] Fig. 2 illustrates a process of discharging ink, i.e., a filter element material, 
onto each of filter element forming regions 7 in each of color filter forming regions 1 1 in a 
mother substrate 12 using an inkjet head 22 according to another embodiment of a method 
and an apparatus for manufacturing a color filter of the present invention. 

[0096] The outline of the process of this embodiment is the same as that shown in 
Figs. 6A to 6D, and an inkjet apparatus for discharging ink has the same mechanism as the 
apparatus shown in Fig. 8. Moreover, a CPU 69 shown in Fig. 14 conceptually divide a 
plurality of nozzles 27 constituting a nozzle line 28 into n groups, for example, four groups, 
and a second-scanning distance 5 is defined so as to correspond to a length L/n, i.e., L/4, of 
each of the nozzle groups, in the same manner as that regarding Fig. 1. 

[0097] This embodiment differs from the foregoing embodiment shown in Fig. 1 in 
that a program software stored in a memory 71 in Fig. 14 is changed. In particular, a main 
scan control operation and sub scan control operation performed by the CPU 69 are changed. 

[0098] To be more specific, in Fig. 2, the inkjet head 22 does not return to its initial 
position after it has finished its scanning motion in the first-scanning direction X, but instead 
moves in the second-scanning direction by a distance 6 corresponding one nozzle group, i.e., 
to a position (b), immediately after it has finished the first-scanning motion in one direction. 
Subsequently, scanning motion in the direction opposite to the above-described one direction 
of the first-scanning direction X is performed, bringing the inkjet head 22 to position (b') 
which is the position shifted from position (a) in the second-scanning direction by the 
distance 8. It is needless to say that ink is selectively discharged from the plurality of nozzles 
27 during the first-scanning from positions (a) to (b) and the first-scanning motion from 
positions (b) to (b'). 

[0099] In short, in this embodiment, the first- scanning and second-scanning of the 
inkjet head 22 are continuously performed one after the other without being interrupted by 
returning motions. Accordingly, the time required for the returning motion is no longer 
needed and operating time can be reduced. 

[00100] Fig. 3 illustrates a process of discharging ink, i.e., a filter element material, 
onto each of filter element forming regions 7 in each of color filter forming regions 1 1 in a 
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mother substrate 12 using an inkjet head 22 according to another embodiment of a method 
and an apparatus for manufacturing a color filter of the present invention. 

[00101] The outline of the process of this embodiment is the same as that shown in 
Figs. 6A to 6D, and an inkjet apparatus for discharging ink has the same mechanism as the 
apparatus shown in Fig. 8. Moreover, a CPU 69 shown in Fig. 14 conceptually divides a 
plurality of nozzles 27 constituting a nozzle line 28 into n groups, for example, four groups as 
in Fig. 1 . 

[00102] This embodiment differs from the foregoing embodiment shown in Fig. 1 in 
that the nozzle line 28 of the inkjet head 22 is extended in a direction parallel to the second- 
scanning direction Y, as shown in position (a) in Fig. 3, when the inkjet head 22 is set to a 
plotting starting position of a mother substrate 12 in Step S12 shown in Fig. 15. Such an 
arrangement is advantageous when the nozzle pitch of the inkjet head 22 is equal to the 
element pitch of the mother substrate 12. 

[00103] In this embodiment also, the inkjet head 22 repeats a scanning motion in the 
first-scanning direction X, returning motion to the initial position, and a second-scanning 
motion in the second-scanning direction Y by a distance 6 starting at position (a) and ending 
at position (k), and selectively discharges ink, i.e., a filter element material, from the plurality 
of nozzles 27 during the first-scanning motions. Thus, the filter element material is applied 
to the interior of the filter element forming regions 7 of the color filter forming regions 1 1 in 
the mother substrate 12. 

[00104] It is to be noted that in this embodiment, because the nozzle line 28 is 
positioned to be parallel to the second-scanning direction Y, the second-scanning distance 5 
is equal to the length of one nozzle group L/n, i.e., L/4. 

[00105] Fig. 4 illustrates a process of discharging ink, Le., a filter element material, 
onto each of filter element forming regions 7 of each of color filter forming regions 1 1 in a 
mother substrate 12 using an inkjet head 22 according to another embodiment of a method 
and an apparatus for manufacturing a color filter of the present invention. 

[00106] The outline of the process of this embodiment is the same as that shown in 
Figs. 6A to 6D, and an inkjet apparatus for discharging ink has the same mechanism as the 
apparatus shown in Fig. 8. Moreover, a CPU 69 shown in Fig. 14 conceptually divides a 
plurality of nozzles 27 constituting a nozzle line 28 into n groups, for example, four groups as 
in Fig. 1 . 

[00107] This embodiment differs from the foregoing embodiment shown in Fig. 1 in 
that the nozzle line 28 of the inkjet head 22 is extended in a direction parallel to the seconds 
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scanning direction Y, as shown by position (a) in Fig. 4, when the inkjet head 22 is set to a 
plotting starting position of a mother substrate 12 in Step S12 shown in Fig. 15 and that first- 
scanning and second-scanning of the inkjet head 22 are continuously performed one after 
the other without being interrupted by returning motions, as in the embodiment of Fig. 2. 

[00108] Note that in this embodiment shown in Fig. 4 and the foregoing embodiment 
shown in Fig. 3, because the nozzle line 28 is extended in a direction orthogonal to the first- 
scanning direction X, each of the filter element regions 7 can be provided with a filter 
element material discharged from two of the nozzles 27 on the same first-scanning line when 
two nozzle lines 28 are provided along the first-scanning direction X, as shown in Fig. 11. 

[00109] Fig. 16 shows an inkjet head 22A employed in another embodiment of a 
method and an apparatus for manufacturing a color filter according to the present invention. 
The inkjet head 22A differs from the inkjet head 22 shown in Fig. 10 in that three types of 
nozzle lines, namely, a nozzle line 28R for discharging red ink, a nozzle line 28G for 
discharging green ink, and a nozzle line 28B for discharging blue ink, are formed in one 
inkjet head 22 A and that each of the three types of nozzle lines is provided with an ink 
discharging system as shown in Figs. 12A and 12B. Herein, the ink discharging system 
which corresponds to the red nozzle line 28R is connected to a red ink supply unit 37R, the 
ink discharging system which corresponds to the green nozzle line 28G is connected to a 
green ink supply unit 37G, and the ink discharging system which corresponds to the blue 
nozzle line 28B is connected to a blue ink supply unit 37B. 

[00110] The outline of the process performed according to this embodiment is the 
same as the process shown in Fig. 6, and an inkjet apparatus for discharging ink is basically 
the same as the apparatus shown in Fig. 8. Furthermore, as in Fig. 1, a CPU 69 shown in 
Fig. 14 conceptually divides a plurality of nozzles 27 constituting the nozzle lines 28R, 28G, 
and 28B into n groups, for example, four groups, and the inkjet head 22 A is moved in the 
second-scanning direction by a second-scanning distance 5 according to these nozzle groups. 

[00111] In the embodiment shown in Fig. 1, the inkjet head 22 has one type of 
nozzle line 28. Accordingly, it is necessary to separately prepare the inkjet heads 22, shown 
in Fig. 8, of three colors, i.e., R, G, and B, in order to make a color filter of R, G, and B. In 
contrast, when the inkjet head 22 A having the structure shown in Fig. 16 is used, three colors, 
i.e., R, G, and B, can be simultaneously applied to a mother substrate 12 by one first-scanning 
of the inkjet head 22 A in the first-scanning direction X, and it is sufficient to prepare only 
one inkjet head 22A. Moreover, by adjusting the nozzle line pitch of different colors to be 
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the same as the pitch of the filter element regions on the mother substrate, simultaneous 
application of three colors, i.e., R, G, and B, is possible. 

[00112] Fig. 17 shows an embodiment of a method for manufacturing a liquid crystal 
device according to the present invention. Fig. 18 shows an embodiment of the liquid crystal 
device manufactured by this manufacturing method. Fig. 19 is a cross-sectional view 
showing the structure of the liquid crystal device cut along line IX-IX in Fig. 18. Before 
describing the method and apparatus for manufacturing the liquid crystal device, an example 
of the liquid crystal device manufactured by this manufacturing method is explained first. 
Note that the liquid crystal device of this example is of a transflective type and achieves full 
color display by a simple matrix method. 

[00113] Referring to Fig. 18, a liquid crystal device 101 is formed by mounting 
liquid crystal driver ICs 103a and 103b as semiconductor chips onto a liquid crystal panel 
102, connecting a flexible printed circuit (FPC) 104 as an interconnecting element to the 
liquid crystal panel 102, and providing a lighting system 106 on the rear side of the liquid 
panel 102 for back-lighting. 

[00114] The liquid crystal panel 102 is formed by bonding a first substrate 107a and 
a second substrate 107b using a sealing material 108. The sealing material 108 is formed, for 
example, by applying an epoxy resin on the inner surfaces of the first substrate 107a and the 
second substrate 107b at the peripheries thereof. Moreover, as shown in Fig. 19, circular or 
cylindrical conductive members 109 made of a conductive material are dispersed into the 
sealing material 108. 

[00115] In Fig. 19, the first substrate 107a has a base plate 111a made of transparent 
glass, transparent plastic, or the like. A reflective layer 1 12 is formed on the inner surface 
(upper surface in Fig. 19) of the base 1 1 la, an insulating layer 1 13 is deposited thereon, first 
electrodes 1 14a arranged in stripes when viewed from the direction of arrow D (refer to 
Fig. 18) are deposited thereon, and an alignment layer 1 16a is formed thereon. A polarizing 
plate 1 17a is installed on the outer surface (the lower surface in Fig. 19) of the base 1 1 la by 
bonding or the like. 

[00116] In Fig. 1 8, the gaps between the stripes are drawn wider than the actual 
width for the purpose of explaining the arrangement of the first electrodes 1 14a. 
Accordingly, the number of lines constituting the first electrodes 1 14a is fewer in the 
drawing. In actual application, the number of lines constituting the first electrodes 1 14a 
arranged on the base 1 1 1 a is larger. 
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[00117] In Fig. 19, the second substrate 107b has a base plate 1 1 lb made of 
transparent glass, transparent plastic, or the like. A color filter 1 1 8 is formed on the inner 
surface (lower surface in Fig. 19) of the base 1 1 lb, second electrodes 1 14b arranged in 
stripes (refer to Fig. 1 8) when viewed from the direction of arrow D and extended in a 
direction orthogonal to the first electrodes 1 14a are formed thereon, and an alignment layer 
1 16b is formed on the top thereof. 

[00118] A polarizing plate 1 17b is installed onto the outer surface (the upper surface 
in Fig. 19) of the base 1 1 lb by bonding or the like. 

[00119] In Fig. 18, the gaps between the stripes are drawn wider than the actual 
width for the purpose of explaining the arrangement of the second electrodes 1 14b, like the 
first electrodes 1 14a. Accordingly, the number of lines constituting the second electrodes 
1 14b is fewer in the drawing. In actual application, the number of lines constituting the 
second electrodes 1 14b arranged on the base 1 1 lb is larger. 

[00120] Referring to Fig. 19, liquid crystal, for example, super twisted nematic 
(STN) liquid crystal L, is enclosed in the space defined by the first substrate 107a, the second 
substrate 107b, and the sealing material 108, i.e., the cell gap. A large number of micro 
spherical spacers 119 are scattered on the surfaces of the first substrate 107a and the second 
substrate 107b, and the thickness of the cell gap is maintained uniform by the presence of 
these spacers 119 inside the cell gap. 

[00121] The first electrodes 1 14a and the second electrodes 1 14b are aligned 
orthogonal to each other, and the intersections thereof are arranged in a dot-matrix when 
viewed from the direction of arrow D in Fig. 19. Each of the intersections in the dot-matrix 
constitutes one pixel. The color filter 1 18 is formed by arranging the red elements, green 
elements, and the blue elements in a predetermined pattern when viewed from the direction 
of arrow D, for example, a striped pattern, a deltoid pattern, a mosaic pattern, or the like. 
Each of the above-described pixels corresponds to one of R, G, and B, and one unit 
composed of three pixels of R, G, and B constitutes one pixel. 

[00122] A plurality of pixels and pixels arranged in the dot-matrix selectively emits 
light to display images such as letters and numerical characters outside the second substrate 
107b of the liquid crystal panel 102. The area at which such images are displayed is the 
effective pixel area. In Figs. 18 and 19, rectangle-shaped planar areas indicated by arrows V 
are effective display areas. 

[00123] Referring to Fig. 19, the reflective layer 1 12 is made of a light-reflecting 
material such as an APC alloy, Al, or the like, and openings 121 are formed at the positions 
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corresponding to the pixels which are the intersections of the first electrodes 1 14a and the 
second electrodes 1 14b. As a result, the openings 121 are, like the pixels, arranged in a dot- 
matrix when viewed from the direction of arrow D in Fig. 19. 

[00124] The first electrodes 1 14a and the second electrodes 1 14b are. made of, for 
example, ITO, which is a transparent conductive material. Each of the alignment layers 1 16a 
and 1 16b is formed by applying a layer of a polyimide based resin having a uniform 
thickness. These alignment layers 1 16a and 1 16b are subjected to a rubbing treatment in 
order to determine an initial orientation of the liquid crystal molecules on the surfaces of the 
first substrate 107a and the second substrate 107b. 

[00125] Referring to Fig. 18, the first substrate 107a is larger than the second 
substrate 107b, and the first substrate 107a has a substrate projecting portion 107c projecting 
outward from the second substrate 107b when these substrates are bonded using the sealing 
material 108. Various types of interconnecting lines such as lead lines 1 14c extending from 
the first electrodes 1 14a, lead lines 1 14d for connecting the second electrodes 1 14b disposed 
on the second substrate 107b via conductive members 109 (refer to Fig. 19) provided inside 
the sealing material 108, metal lines 1 14e connected to input bumps, i.e., input terminals, of 
the liquid crystal driver ICs 103 a, metal lines 1 14f connected to the input bumps of the liquid 
crystal driver ICs 1 03b, and the like are each formed in an appropriate arrangement on this 
substrate projecting portion 107c. 

[00126] In this embodiment, the lead lines 1 14c extending from the first electrodes 
1 14a and the lead lines 1 14d connected to the second electrodes 1 14b are made of the same 
material as these electrodes, i.e., ITO or a conductive oxide. The metal lines 1 14e and 1 14f 
interconnecting the input sides of the liquid crystal driver ICs 103a and 103b are made of a 
metal material having a low electric resistance, for example, an APC alloy. The APC alloy is 
mainly composed of Ag and contains Pd and Cu as secondary components, for example the 
alloy contains 98 percent Ag, 1 percent Pd, and 1 percent Cu. 

[00127] The liquid crystal driver IC 103a and the liquid crystal driver IC 103b are 
bonded to the surface of the substrate projecting portion 107c by anisotropic conductive films 
(ACF) 122 to be mounted thereon. In other words, in this embodiment, the liquid crystal 
panel is of a chip-on-glass (COG) type in which semiconductor chips are directly mounted 
onto the substrates. In this COG-type mount structure, the input bumps of the liquid crystal 
driver ICs 103 a and 103b are connected to the metal lines 1 14e and 1 14f through conductive 
particles contained in the ACF 122, and the output bumps of the liquid crystal drivers 103a 
and 103 b are conductively connected to the lead lines 1 14c and 1 14d. 



26 

[00128] Referring to Fig. 18, the FPC 104 has a flexible resin film 123, a circuit 126 
comprising chip components 124, and metal line terminals 127. The circuit 126 is directly 
mounted onto the surface of the resin film 123 by a conductive connection method such as 
soldering or the like. The metal line terminals 127 are made of a conductive material such as 
an APC alloy, Cr, Cu, or the like. The region of the FPC 104 in which the metal line 
terminals 127 are formed is connected to the region of the first substrate 107a in which metal 
lines 1 14e and 1 14f are formed, through the ACF 122. The metal lines 1 14e and 1 14f at the 
substrate side are then connected to the metal line terminals 127 at the FPC 104 side by the 
conductive particles contained in the ACF 122. 

[00129] External connection terminals 13 1 are formed at the peripheral portion 
opposite the EPC 104. The external connection terminals 131 are connected to an external 
circuit not shown in the drawing. Based on the signal transmitted from this external circuit, 
the liquid crystal driver ICs 103a and 103b are driven, and a scanning signal is supplied to 
one of and a data signal is supplied to the other of the first electrodes 1 14a and the second 
electrodes 1 14b. Thus, the voltage applied to each of the pixels arranged in the dot-matrix in 
the effective display area V is controlled according to the pixels, and, consequently, the 
alignment of the liquid crystal L is controlled according to the pixels. 

[00130] Referring to Fig. 18, the lighting system 106 serving as what is known as a 
back light has, as shown in Fig. 19, a light guiding material 132 made of an acrylic resin or 
the like, a diffusing sheet 133 disposed on a light emitting face 132b, a reflecting sheet 134 
disposed on the surface opposite the light emitting face 132b of the light guiding material 
132, and light emitting diodes (LEDs) 136 which are the light source. 

[00131] The LEDs 136 are supported by an LED substrate 137, and the LED 
substrate 137 is attached to a supporting member (not shown in the drawing), for example, 
integrally formed on the light guiding material 132. When the LED substrate 137 is attached 
to a predetermined position of the supporting member, the LED 136 is positioned so as to 
oppose a light capturing surface 132a which is a side face of the light guiding material 132. 
Note that reference numeral 138 denotes a buffer for buffering impact applied to the liquid 
crystal panel 102. 

[00132] When the LEDs 136 emit light, the light is captured from the light capturing 
surface 132a, transmitted inside the light guiding material 132, and emitted through the 
diffusing sheet 133 as planar light from the light emitting face 132b, while being reflected by 
the reflecting sheet 134 and the walls of the light guiding material 132. 
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[00133] Because the liquid crystal device 101 has the above-described configuration, 
when ambient light such as sunlight or room light is sufficient, the ambient light is captured 
inside the liquid crystal panel 102 from the second substrate 107b side in Fig. 19, and the 
light transmitted through the liquid crystal L is reflected at the reflective layer 112 and 
supplied again to the liquid crystal L. The alignment of the liquid crystal L is controlled by 
the electrodes 1 14a and 1 14b sandwiching the same according to the pixels of R, G, and B. 
Thus, the light supplied to the liquid crystal L is modulated according to the pixels, and 
through such modulations, the liquid crystal panel 102 displays images such as letters and 
numerical characters composed of light passing through the polarizing plate 1 17b and light 
not passing through. Thus, a reflection-type display is achieved. 

[00134] In contrast, when the ambient light is insufficient, the LEDs 136 emit light 
in order to emit planar light from the light emitting face 132b, and the light is supplied to the 
liquid crystal L via openings 121 formed in the reflective layer 112. During this time, like 
the reflection-type display, the supplied light is modulated by the liquid crystal L, the 
orientations thereof being controlled, according to the pixels to display images. Thus, a 
transmission-type display is achieved. 

[00135] The liquid crystal device 101 having the above-described structure is 
manufactured, for example, by a manufacturing method shown in Fig. 17. In this 
manufacturing method, a series of steps PI to P6 constitutes a process for making the first 
substrate 107a and a series of steps PI 1 to P14 constitutes a process for making the second 
substrate 107b. The process for making the first substrate and the process for making the 
second substrate are usually performed separately. 

[00136] First, the process for making the first substrate is described. The reflective 
layers 1 12 for plural liquid crystal panels 102 are formed on the surface of a large-size 
mother material substrate made of translucent glass, translucent plastic, or the like, by 
photolithography or the like. The insulating layers 1 1 3 are then formed on the top thereof 
using a known deposition process (Step PI). Next, the first electrodes 1 14a and the lines 
1 14c, 1 14d, 114e, and 1 14f are formed by photolithography or the like (Step P2). 

[00137] Next, alignment layers 1 16a are formed on the first electrodes 1 14a by an 
applying process, a printing process, or the like (Step P3), and are subjected to a rubbing 
process in order to determine the initial alignment of the liquid crystal (Step P4). Next, the 
sealing material 108 are formed in a surrounding manner by means of screen printing or the 
like, for example (step P5), and the spherical spacers 119 are scattered thereon (Step P6). 
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Thus, a large-size first mother substrate having a plurality of panel patterns of the first 
substrates 107a of the liquid crystal panels 102 is made. 

[00138] The process for making the second substrate (Steps PI 1 to P14 in Fig. 17) is 
performed separately from the process for making the first substrate. First, a large-size 
mother material substrate made of translucent glass, translucent plastic, or the like is 
prepared, and the color filters 1 18 for the plural liquid crystal panels 102 are formed on the 
surface thereof (Step PI 1). The color filter is made by the manufacturing method shown in 
Fig. 6, and the R, G, B filter elements are formed according to the method for controlling the 
inkjet head shown in Figs. 1 to 4 using the inkjet apparatus 16 shown in Fig. 8. Since the 
method for manufacturing the color filter and the method for controlling the inkjet head are 
the same as the foregoing description, the description thereof is omitted. 

[00139] As shown in Fig. 6D, after the color filter 1, i.e., the color filter 1 18, is 
formed on the mother substrate 12, i.e., the mother material substrate, the second electrodes 
1 14b are formed by photolithography (Step PI 2), the alignment layers 1 16b are formed by 
applying, printing, or the like (Step P13), and the alignment layers 1 16b are subjected to a 
rubbing treatment in order to determine the initial alignment of the liquid crystal (Step PI 4). 
Thus, a large-size second mother substrate having a plurality of panel patterns of the second 
substrates 107b of the liquid crystal panels 102 is made. 

[00140] Subsequent to forming the large-size first and second mother substrates, the 
mother substrates are aligned with the sealing materials 108 therebetween and are bonded 
(Step P21). In this manner, an empty panel structure containing a plurality of panel portions 
of the liquid crystal panels and not yet being filled with liquid crystal is manufactured. 

[00141] Next, scribe grooves, i.e., cutting grooves, are formed at predetermined 
positions of the resulting empty panel structure, and the panel structure is broken, i.e., cut, 
according to these scribe grooves (Step P22). In this manner, a strip of the empty panel 
structure having exposed liquid crystal inlet openings 110 (refer to Fig. 18) of the sealing 
material 108 of each liquid crystal panel is formed. 

[00142] Next, liquid crystal L is injected into the interior of each liquid crystal panel 
portion through the exposed liquid crystal inlet openings 110, and the liquid crystal inlet 
openings are then sealed with resin or the like (Step P23). Typically, the liquid crystal is 
filled by, for example, filling a pooling container with liquid crystal, placing the pooling 
container containing the liquid crystal and the strip of empty panels into a chamber or the 
like, immersing the strip of empty panels into the liquid crystal inside the chamber or the like 
after evacuating the chamber or the like, and exposing the chamber to an atmospheric 
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pressure. At this time, because the interiors of the empty panels are in a vacuum, the liquid 
crystal pressured by the atmospheric pressure flows into the interiors of the panels via the 
liquid crystal inlet openings. Since the liquid crystal adheres to the peripheries of the liquid 
panel structures after the filling of the liquid crystal, the strip of panels after the liquid crystal 
filling process is washed in Step P24. 

[00143] Subsequently, scribe grooves are formed at predetermined positions on the 
strip of the mother panel after filling of the liquid crystal and washing, and the strip of panels 
is cut along these scribe grooves in order to cut out a plurality of liquid crystal panels (Step 
P25). The liquid crystal devices 101 are formed by mounting the liquid crystal driver ICs 
103a and 103b onto each of the resulting liquid crystal panels 102, installing the lighting 
system 106 as ttie back light, and connecting the FPC 104 thereto (Step P26), as shown in 
Fig. 18. 

[00144] The above described method and apparatus for manufacturing the liquid 
crystal devices have the following features especially during the process of the making color 
filters. The individual filter elements 3 in the color filter 1 shown in Fig, 5A, i.e., the color 
filter 1 1 8 shown in Fig. 19, are not formed by one first-scanning of the inkjet head 22 (refer 
to Fig. 1) but instead each of the filter elements 3 is formed into a predetermined layer 
thickness by n times of, for example, four times of, an ink-discharging operation using a 
plurality of nozzles 27 belonging to different nozzle groups. In this manner, variation in the 
layer thickness among the plurality of the filter elements 3 can be prevented even when there 
is a variation in the discharged amount of ink among the plurality of the nozzles 27, thereby 
making the in-plane light transmission characteristics of the color filter uniform. This means 
that the liquid crystal device 101 shown in Fig. 19 achieves vivid color display without color 
phase irregularities. 

[00145] Moreover, in the method and apparatus for manufacturing liquid crystal 
devices of this embodiment, because the filter elements 3 are formed by discharging ink from 
the inkjet head 22 using the inkjet apparatus 16 shown in Fig, 8, complex processes such as 
those employing photolithography techniques are not required and raw materials are 
efficiently consumed. 

[00146] Fig. 20 shows an embodiment of a method for manufacturing an electro- 
luminescent (EL) device according to the present invention. Figs. 21 A to 21D show the main 
steps of this manufacturing method and the cross-sectional views of the main structure of the 
EL device obtained through this method. As shown in Fig. 2 ID, an EL device 201 is made 
by forming pixel electrodes 202 on a transparent substrate 204, forming a bank 205 having a 
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grid-like shape when viewed from the direction of arrow G between the pixel electrodes 202, 
forming hole injection layers 220 in the recesses of the grid, forming red light emitting layers 
203R, green light emitting layers 203G, and blue light emitting layers 203B in the recesses of 
the grid in a predetermined pattern, such as a striped pattern, when viewed from the direction 
of arrow G, and forming counter electrodes 213 on the top thereof. 

[00147] When the above described pixel electrodes 202 are driven by two-terminal 
active elements such as thin film diodes (TFDs), the counter electrodes 213 are arranged into 
a striped pattern when viewed from the direction of arrow G. When the pixel electrodes 202 
are driven by three-terminal active elements such as thin film transistors (TFTs), the counter 
electrodes 213 are formed as a single plate electrode. 

[00148] The region sandwiched by one of the pixel electrodes 202 and one of the 
counter electrodes 213 defines one pixel, and the pixels of three colors R, G, and B as one 
unit constitute one pixel. By controlling the electrical current flowing to each of the pixels, 
desired pixels from among the plurality of pixels can be selectively illuminated, and full color 
images can be displayed in the direction of arrow H . 

[00149] The above-described EL device 201 can be manufactured through the 
manufacturing method shown in Fig. 20. 

[00150] More particularly, as shown in Step P51 and Fig. 21 A, active elements such 
as TFDs and TFTs and then the pixel electrodes 202 are formed on the surface of the 
transparent substrate 204. Examples of the methods for forming these are a photolithography 
method, a vacuum deposition method, a sputtering method, and a pyrosol method. Examples 
of the materials for the pixel electrodes are indium tin oxide (ITO), tin oxide, and a 
compound oxide of indium oxide and zinc oxide. 

[00151] Next, as shown in Step P52 and Fig. 21 A, a barrier, i.e., the bank 205, is 
formed by a known patterning technique, for example, photolithography, so as to fill the gap 
between each of the pixel electrodes 202 with the bank 205. In this mariner, contrast can be 
improved, luminescent materials can be prevented from being mixed with one another, and 
light is prevented from leaking through these gaps. Any type of material can be used for the 
bank 205 as long as the material is resistant to the solvent contained in the EL material. 
Preferably, a material which can be fluorinated by a fluorocarbon gas plasma process, for 
example, an organic material such as acrylic resin, epoxy resin, photosensitive polyimide, or 
the like is used. 

[00152] Next, immediately before applying ink for hole injection layers, the substrate 
204 is subjected to a continuous plasma processing using gaseous oxygen and fluorocarbon 
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gas plasma (Step P53). Through this process, the surface of the polyimide becomes water- 
repellent, the surface of ITO becomes hydrophilic, and the wettability of the substrate 
required for fine patterning of the inkjet droplets can be controlled. The plasma generating 
apparatus may be of a vacuum type or an atmospheric type. 

[00153] As shown in Step P54 and Fig. 21 A, ink for hole injection layers is 
discharged from an inkjet head 22 of an inkjet apparatus 16 shown in Fig. 8, so as to form 
patterns on the pixel electrodes 202. As for the specific method for controlling the inkjet 
head, the method shown in Figs. 1, 2, 3, or 4 is employed. After formation of the patterns, 
the solvent is removed by vacuum (1 torr) at room temperature for 20 minutes (Step P55), 
and subsequently, a heat treatment in atmospheric pressure at 20°C (on a hot plate) for ten 
minutes is performed in order to form the hole injection layers 220 which are insoluble in the 
ink for luminous layers (Step P56) . The layer thickness is 40 nm. 

[00154] Next, as shown in Step P57 and Fig. 2 IB, ink for red light emitting layers 
and ink for green light emitting layers are applied using a inkjet method onto the hole 
injection layers 220 in the filter element regions. Here, each ink is discharged from the inkjet 
head 22 of the inkjet apparatus 16 shown in Fig. 8, and the inkjet head is controlled according 
to the process shown in Figs. 1, 2, 3, or 4. By employing the inkjet method, fine patterning 
can be readily carried out within a short period of time. It also becomes possible to change 
the layer thickness by varying the concentration of the solid content in the ink composition 
and the discharging amount. 

[00155] Next, the solvent contained in the applied ink for forming light emitting 
layers is removed by vacuum (1 torr) at room temperature for 20 minutes (Step P58), and the 
ink for forming light emitting layers is heat-treated in a nitrogen atmosphere at 150°C for 
four hours to yield conjugation and to form the red light emitting layers 203R and the green 
light emitting layers 203G (Step P59). The thickness of each layer is 50 nm. The light 
emitting layers conjugated by heat treatment are insoluble in the solvent. 

[00156] The continuous plasma processing using gaseous oxygen and fluorocarbon 
gas plasma may be performed on the hole injection layers 220 before forming the light 
emitting layers. In this manner, fluorine compounds are formed on the hole injection layers 
220, the hole injection efficiency is increased due to higher ionizing potential, and organic EL 
devices having high light-emitting efficiency can be obtained. 

[00157] Next, as shown in Step P60 and Fig. 21C, the blue light emitting layers 
203B are formed on the red light emitting layers 203R, the green light emitting layers 203G, 
and hole injection layers 220 inside the pixels. In this manner not only three primary colors 
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are formed but also the differences between the bank 205 and the red light emitting layers 
203R and between the bank 205 and the green light emitting layers 203G can be compensated 
for, thereby achieving planarization. Thus, short-circuit between the upper and lower 
electrodes can be securely avoided. By adjusting the layer thickness of the blue light emitting 
layers 203B, the blue light emitting layers 203B act as electron injection transport layers in 
the multilayer structure with the red light emitting layers 203R and the green color emitting 
layers 203 G and do not emit blue light. 

[00158] The blue light emitting layers 203B may be formed by, for example, a 
typical spin coating process which is a wet process or by an inkjet process similar to the 
process for forming the red light emitting layers 203R and green light emitting layers 203G. 

[00159] Next, as shown in Step P61 and Fig. 2 ID, counter electrodes 213 are formed 
to make the EL device 201. When the counter electrodes 213 are single plate electrodes, the 
counter electrodes 213 can be formed by a deposition method such as a vapor deposition 
method and a sputtering method using, for example, Mg, Ag, Al, Li, or the like as the raw 
materials. When the counter electrodes 213 are arranged in a striped pattern, the counter 
electrodes 213 can be formed by patterning the deposited electrode layer; a patterning 
technique such as photolithography can be employed in such a case. 

[00160] According to the method and apparatus for manufacturing the EL device 
described above, the inkjet head is controlled according to the controlling method shown in 
Figs. 1, 2, 3, or 4. Thus, the hole injection layers 220 and the R, G, and B light emitting 
layers 203R, 203G, and 203B inside the pixels shown in Figs. 21 A to 21D are not formed by 
one first-scanning of the inkjet head 22 (refer to Fig. 1). Instead, the hole injection layers 
and/or each of the light emitting layers are formed into a predetermined thickness by 
receiving the discharge of ink n times, for example, four times, from the plurality of nozzles 
27 belonging to different nozzle groups. Thus, even when there is a variation between the 
discharged amount of ink among the plurality of nozzles 27, variations in the layer thickness 
among the plurality of pixels can be avoided, and in-plane light transmission characteristics 
of the light emitting face of the EL device can be made uniform. This means that the liquid 
crystal device 201 shown in Fig. 2 ID achieves vivid color display without color phase 
irregularities. 

[001 61] Moreover, according to the method and apparatus for manufacturing the EL 
device of this embodiment, the R, G, and B pixels are formed by discharging ink from the 
inkjet head 22 of the inkjet apparatus 16 shown in Fig. 8. Thus, complex processes such as 



33 

those employing photolithography techniques are not required and the raw materials are 
efficiently consumed. 

[00162] Although particular preferred embodiments of the present invention have 
been described above in detail for illustrative purposes, the scope of the present invention is 
not limited to these embodiments. Various changes may be made without departing from the 
spirit and scope of the present invention. 

[00163] For example, in the apparatus for manufacturing the color filter shown in 
Figs. 8 and 9, the substrate 12 is main-scanned by the inkjet head 22 moving in the first- 
scanning direction X and is sub-scanned by the inkjet head 22 by moving the substrate 12 
using the sub-scan driving unit 21. Instead, the first-scanning may be performed by moving 
the substrate and the second-scanning may be performed by moving the inkjet head 22. 

[00164] Moreover, although the inkjet head which discharges ink utilizing the 
flexible deformation of the piezoelectric elements is employed in the above-described 
embodiments, it is to be understood that other types of inkjet head may also be employed. 

[00165] Furthermore, although the most common configurations, where the first and 
second scanning directions cross at a right angle, are employed in the above-described 
embodiments, it should be appreciated that the angle is not restrictive and the scanning 
directions may cross at any angles. Moreover, although the methods and apparatus for 
making color filters, liquid crystal device, and electro-luminescent device are described in the 
above embodiments, the present embodiments are not restrictive and this invention may be 
embodied for any industrial technologies that form fine pattern on an object. 

[00166] This invention may be used in forming various semi-conductor devices (i.e. 
thin film transistor or thin film diode), wiring pattern, or an insulating film. 

[00167] Obviously many modifications and variations of the materials discharging 
from the head are possible in the light of element formed on objects. For example, 
conductive materials such as metal compounds, dielectric materials, silica glass precursors, or 
semi-conductor materials may be used for the discharging materials. 

[00168] Further, in the above embodiments, although the name "a inkjet head" is 
used for clarification, it is obvious that materials discharged from the inkjet head are not 
limited to ink. The inkjet head may discharge the above- mentioned materials, such as 
conductive materials, dielectric materials, silica glass precursors, or semi-conductor 
materials. 



34 

[00169] The liquid crystal display and the electro-luminescent device are 
manufactured by the process described are used as display sections of electronic apparatuses 
such as cellular phones and portable computers. 

[00170] In accordance with the above-described method and apparatus for making 
the color filter of the present invention, each of the filter elements in the color filter are not 
formed by one first-scanning of the inkjet head, but instead each of the filter elements are 
formed into a predetermined thickness by being applied with ink a number of times from the 
plurality of nozzles belonging to different nozzle groups. Accordingly, even when there is a 
variation between the discharged amount of ink among the plurality of nozzles, variations in 
the layer thickness among the plurality of filter elements can be avoided, and light 
transmission characteristics of the color filter can thereby be made uniform. 

[00171] Moreover, because the inkjet head is used, complex processes such as those 
employing photolithography techniques are not required and the raw materials are efficiently 
consumed. 

[00172] In accordance with the above-described method and apparatus for making 
the liquid crystal device, during the steps of making the color filter, each of the filter elements 
in the color filter are not formed by one first-scanning of the inkjet head, but instead each of 
the filter elements are formed into a predetermined thickness by being applied with ink a 
number of times from the plurality of nozzles belonging to different nozzle groups. 
Accordingly, even when there is a variation between the discharged amount of ink among the 
plurality of nozzles, variations in the layer thickness among the plurality of filter elements 
can be avoided, and light transmission characteristics of the color filter can thereby be made 
uniform. As a result, vivid color display without color phase irregularities can be achieved. 

[00173] In accordance with the above-described method and apparatus for making 
the electro-luminescent device, each of the R, G, and B light emitting layers in the pixel is not 
formed by one first-scanning of the inkjet head, but instead each of the colored light emitting 
layers is formed into a predetermined thickness by being applied with the luminescent 
material a number of times from the plurality of nozzles belonging to different nozzle groups. 
Accordingly, even when there is a variation between the discharged amount of the 
luminescent material among the plurality of nozzles, variations in the layer thickness among 
the plurality of pixels can be avoided, and planar light emitting distribution characteristics of 
the light emitting face of the EL device can thereby be made uniform. As a result, vivid color 
display without color phase irregularities can be achieved. 
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[001 74 J Moreover, in accordance with the method and apparatus for making the 
electro-luminescent device, because the R, B, and G pixels are formed by discharging ink 
from the inkjet head, complex processes such as those employing photolithography 
techniques are not required and the raw materials are efficiently consumed. 

[00175] In accordance with the controlling unit for controlling the inkjet head 
according to the present invention, each of the color patterns are not formed by one scanning 
of the inkjet head, but instead each of the each of the color patterns are formed into a 
predetermined thickness by being applied with ink a number of times from the plurality of 
nozzles belonging to different nozzle groups. Accordingly, even when there is a variation 
between the discharged amount of ink among the plurality of nozzles, variations in the layer 
thickness among the color patterns can be avoided, and light transmission characteristics of 
the color patterns can thereby be made uniform. As a result, the optical characteristics of 
color patterns can be made uniform at the plane of the optical component. , 

[00176] Thus, R, G, and B filter elements, serving as color patterns in the color filter, 
i.e., the optical component, of uniform thickness can be formed. Moreover, the thickness of 
the R, G, and B light emitting layers, i.e., the color patterns, and the hole injection layers of 
the electro-luminescent element, i.e., the optical component, can be made uniform. 

[00177] While this invention has been described in conjunction with the specific 
embodiments thereof, it is evident that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, preferred embodiments of the invention as 
set forth herein are intended to be illustrative, not limiting. There are changes that may be 
made without departing from the spirit and scope of the invention. 



